Commissural embryology mechanisms are not yet completely understood. The study and comprehension of callosal dysgenesis can provide remarkable insights into embryonic or fetal commissural development. The diffusion tensor imaging (DTI) technique allows the in vivo analyses of the white-matter microstructure and is a valid tool to clarify the disturbances of brain connections in patients with dysgenesis of the corpus callosum (CC). The segmental callosal agenesis (SCAG) is a rare partial agenesis of the corpus callosum (ACC). In a newborn with SCAG the DTI and tractography analyses proved that the CC was made of two separate segments consisting respectively of the ventral part in the genu and body of the CC, connecting the frontal lobes, and the dorsal part in the CC splenium and the attached hippocampal commissure (HC), connecting the parietal lobes and the fornix. These findings support the embryological thesis of a separated origin of the ventral and the dorsal parts of the CC.
Introduction
The segmental callosal agenesis (SCAG) is a rare partial agenesis of the corpus callosum (ACC). The partial callosal agenesis have long been considered lesser forms of ACC. This idea was based on the theory that the corpus callosum (CC) develops from front to back. 1 However, some recent studies propose a more complex CC development pattern, in which growth is initiated simultaneously at two distinct loci that later fuse together at week 13 and 14. 2, 3 Diffusion tensor imaging (DTI), assessing local microscopic water motion, depicts the predominant direction of axons and permits the in vivo detection of white-matter bundles. 4 We report a case of a newborn preterm infant with a SCAG studied with DTI. To our knowledge this is the first case of SCAG investigated with DTI. The findings support the embryological thesis of a separated origin of the ventral and the dorsal CC.
Patient and methods
A male preterm infant was a second child of healthy non-consanguineous parents. Pregnancy was uncomplicated until 32 weeks (wks) of gestational age (GA) when the mother had a premature rupture of the fetal membranes. An emergency caesarean section was performed. Apgar scores were 8 at 1 minute and 9 at 5 minutes. No ventilation was required afterward. There were no dysmorphic features, and head circumference was normal. Brain ultrasound scans were performed every week according to Neonatal Care Unit protocol. At 34 wks of GA the newborn was discharged. A brain ultrasound scan performed at 40 wks GA showed that the right marginal sulcus joined the ventricular edge.
A subsequent magnetic resonance imaging (MRI) scan on a 3Tesla Philips Achieva scan was performed including a sagittal T1-weighted volumetric, axial and coronal turbo-spin-echo and gradient-echo T2-weighted sequences and an axial echo-planar DTI (15 diffusion-encoding directions, b value ¼ 700 s/mm 2 , The fractional anisotropy (FA) map and the color FA Red Green Blue (RGB) maps were computed. The DTI analysis was performed with Diffusion Toolkit and TrackVis0.6 using the Fiber Assignment by Continuous Tracking (FACT) algorithm. Fibers were then tracked with turning angles between the primary eigenvectors of neighboring voxels <60 degrees. 5 Written parental consent for information and images publication was obtained.
Results
On T1 sagittal images a real isthmus of the CC was absent. The other parts of the CC, the rostrum, the genu and the splenium, were well depicted. The RGB sagittal map clearly demonstrated that the CC was made of two separate segments ( Figure 1 ). Two manually drawn regions of interest (ROIs) were drawn on sagittal RGB maps respectively on the anterior and on the posterior part of the CC. The DTI showed that the ventral segment of the CC was a true callosal genu connecting the frontal lobes and that the posterior segment connected the parietal lobes behaving as a true splenium ( Figure 2 ). The findings are consistent with the SCAG, previously described by Raybaud et al. 3 Furthermore the DTI revealed that the most anterior part of the dorsal segment of the CC was in close contact with the hippocampal commissure (HC): the tractography couldn't properly separate the fornix fibers from the splenium fibers.
Discussion
The SCAG is a partial callosal agenesis in which the most posterior, dorsal part of the anterior callosum is supposed to not fuse with the splenium. In the case here described no evidence of encephalomalacia was found and no interhemispheric cysts or lipoma or other condition that can prevent the commissuration were found. Additionally, such a pattern has been described in two siblings. 6 These findings suggest that the SCAG may have a genetic background, as previously suggested by Raybaud et al. 3 Therefore, the comprehension of the interhemispheric connections in SCAG may provide more details about CC embryogenesis.
The RGB color maps clearly demonstrated that the CC was made up of two separate segments (Figure 1) , supporting the embryological hypothesis that the callosal growth is initiated at two distinct loci. Moreover, the tractography allowed the identification of the callosal projections: the ventral segment appeared to be a true callosal genu and anterior body connecting the frontal lobes and the posterior segment appeared to connect the parietal lobes behaving as a true splenium ( Figure 2 ). Recently Chao et al. 7 divided the CC into subdivisions based on their commissural connections to the corresponding Broadmann areas; they demonstrated that physiologically the primary motor cortex (precentral gyri) connections are located in the posterior midbody of CC and that the primary sensory cortex (post-central gyri) connect mainly through the isthmus and the superior splenium. Moreover, a topographic hierarchy was also previously shown in callosal embryology. The mice neocortical commissural axons eventually cross in the CC according to the cortical area they originate from: the anterior part of CC contains the frontal associative and possibly primary sensorymotor commissural axons and the splenium contains the parieto-temporo-occipital commissural axons. 3, 8 According to our findings there is a possible preservation of homotopic connectivity also within the remnants of displastic CC. Nevertheless, contrary to previous works on physiological CC development 3, 8 in the SCAG, the frontal associative and motor Furthermore, the tractography findings in the SCAG support the embryological hypothesis that the HC, developing from week 9 earlier than the CC, plays a role in guiding early splenium CC axons across the midplane. 8 The tractography displayed that the most anterior part of the dorsal segment of the CC was in close contact with the HC: tractography could not properly separate the fornix fibers from the splenium fibers, even though the ROI was carefully drawn on the dorsal segment of CC avoiding the adjacent structures. These finding may be due to the close embryological relationship of the HC and CC, as shown by studies on embryo mice revealing that some early callosal axons fasciculated along and between the hippocampal axons at the dorsal edge of the HC, later forming the splenium. 8 The tractography findings in SCAG may support the hypothesis that the fusion between the anterior part of the CC with the splenium occur during commissural development just anterior to the HC. 3 In mice embryos at 12-13 weeks, the glial wedge cells separate the glial sling, where early anterior callosal fibers cross the midline, from the HC, and prevent the callosal fibers from growing in the incorrect direction. 8 It can be supposed that glial wedge cells may be involved in the missed fusion between the anterior sling-derived callosum with the HC and associated splenium. Figure 2 . Tractography image shows the commissural bundles passing through the ventral (blue) and dorsal (yellow) segments of the CC. The ventral segment behaves as a true callosal genu connecting the frontal lobes and the dorsal segment behaves as a true splenium connecting the parietal lobes. The most anterior part of the dorsal segment of the CC is in close contact with the HC. Tractography cannot properly separate the fornix fibers from the splenium fibers (in yellow; white arrowhead). CC: corpus callosum; HC: hippocampal commissure.
